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(57) ABSTRACT 

The invention provides coding (20) a set of input values (S1) 
into a set of coefficients by use of a given algorithm, by 
selecting (201) coef?cients to be calculated, out of a total set 
of possible coef?cients that can be calculated by the given 
algorithm given the set of input values, in Which selecting 
higher priority is given to coef?cients Which require a loWer 

(21) Appl' NO': 10/042’447 calculation cost compared to other coef?cients, and by 
22 Fl (12 _ 8 2002 calculating (201) the selected coef?cients to obtain the set of 

( ) 1 6 Jan ’ coe?icients. Preferably, for a given coef?cient the calcula 

(30) Foreign Application Priority Data tion cost is at least partly based on an amount of calculation 
steps that is required to calculate the given coef?cient 

Jan. 10, 2001 (EP) ...................................... .. 012000527 reduced With an amount of Calculations that can be Shared 
With the calculation of other selected coef?cients, and 

Publication Classi?cation Wherein in the step of calculating results of shared calcula 
tion steps are re-used in calculating (201) other coef?cients 

(51) Int. Cl.7 ................................................... .. G10L 19/08 Which share the shared calculation steps. 
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CODING 

[0001] The invention relates to coding a set of input values 
into a set of coef?cients by use of a given algorithm. This 
algorithm may be a Discrete Cosine Transformation (DCT), 
Which algorithm is Widely used in the ?eld of image and 
video coding. 

[0002] Pao and Sun [5] disclose that digital video coding 
standards such as H.263 and MPEG are becoming more and 
more important for multimedia applications. Due to the huge 
amount of computations required, there are signi?cant 
efforts to speed up the processing of video encoders. Pre 
viously, the efforts Were mainly focused on the fast motion 
estimation algorithm. HoWever, as the motion-estimation 
algorithm becomes optimiZed, to speed up the video encod 
ers further other functions such as discrete cosine transform 
(DCT) and inverse DCT (IDCT) need be optimiZed. Pao and 
Sun propose a theoretical model for DCT coef?cients. Based 
on this model, it is shoWn that the variances of the DCT 
coef?cients can be represented as a function of the minimum 
mean absolute error (MMAE) after motion-compensated 
prediction. An adaptive method With multiple thresholds is 
derived from the statistical model to reduce the computa 
tions of DCT, IDCT, quantization and inverse-quantiZation. 
Pao and Sun further present a DCT approximation algorithm 
that can further speed up the calculations of DCT When the 
quantization step is large. An improvement in the processing 
speed can be achieved With negligible video-quality degra 
dation. 

[0003] An object of the invention is to support scalability 
of a given algorithm. To this end, the invention provides a 
method and device for coding a set of input values into a set 
of coefficients, a method and device for inverse transform 
ing, a video system, a signal, a storage medium, a method 
and device for determining a calculation cost of a given 
algorithm, a database, and a computer program as de?ned in 
the independent claims. Advantageous embodiments are 
de?ned in the dependent claims. 

[0004] Scalability means, inter alia, that quality can be 
exchanged With algorithm complexity or computational 
poWer: a loss of quality can be excepted in exchange for a 
reduction in algorithm complexity or computational poWer, 
vice versa. 

[0005] A ?rst embodiment of the invention provides cod 
ing a set of input values into a set of coef?cients by use of 
a given algorithm, the method comprising: selecting coef 
?cients to be calculated, out of a total set of possible 
coef?cients that can be calculated by the given algorithm 
given the set of input values, in Which selecting higher 
priority is given to coefficients Which require a loWer cal 
culation cost compared to other coef?cients, and calculating 
the selected coef?cients to obtain the set of coef?cients. By 
selecting the coefficients Which require a loWer calculation 
cost, a higher number of coef?cients is calculated given a 
limited number of calculation steps or a limited time period. 
The number of calculated coef?cients is related to the 
quality. 

[0006] The invention is especially advantageous for algo 
rithms that transform input values in a ?rst domain (eg a 
temporal or spatial domain) into coef?cients in a second 
domain (eg a frequency domain). A coef?cient in the 
second domain may contain information on all values in the 
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?rst domain, but only at a given level other than other 
coef?cients. In this case, if more coef?cients are available, a 
more accurate representation of the values in the ?rst 
domain can be given. The coding is advantageously a video 
coding, Wherein the input values form a block of pixel 
values, and the coef?cients are transform coefficients 
selected out of a block of possible transform coef?cients. 

[0007] In an advantageous embodiment of the invention, 
for a given coef?cient the calculation cost is at least partly 
based on an amount of calculation steps that is required to 
calculate the given coef?cient reduced With an amount of 
calculations that can be shared With the calculation of other 
selected coef?cients, and Wherein in the step of calculating 
results of shared calculation steps are re-used in calculating 
other coef?cients Which share the shared calculation steps. 
By selecting those coef?cients that require a loWer calcula 
tion cost While taking into account the number of calculation 
steps that can be shared leads to a more optimal selection. 
Given limited resources, more coef?cients can be calculated 
in this Way. In a practical embodiment, in the calculation of 
the selected coef?cients, intermediate results of shared cal 
culation steps are stored in a memory and retrieved for 
re-use in calculating other coefficients When necessary. 

[0008] In the selecting step, the number of coef?cients to 
be calculated can be maximiZed given a maximum total 
calculation cost. In this embodiment a maximum quality is 
reached given the limited computational poWer. In this 
embodiment, the order of computation after selection may 
be arbitrary. Alternatively, given a desired number of coef 
?cients to be calculated, the minimal required calculation 
cost can be determined. This may be useful in allocating 
calculation resources to the given algorithm relative to other 
algorithms or applications. 

[0009] According to an advantageous embodiment, in 
addition to already calculated coefficients, a repeated selec 
tion of a next coef?cient is performed until a stop criterion 
is met, for Which next coef?cient the calculation cost is 
minimal compared to other possible coefficients Which are 
not yet calculated. In this embodiment ‘on-the-?y’ compu 
tation is possible, Wherein the calculation is stopped When a 
computation limit or a certain time period has been reached. 
The algorithm can be reprogrammed to process the calcu 
lation steps in this speci?c order until a (time) limit is 
reached. Within this (time) limit, results can be updated from 
time to time. The algorithm is noW independent of the 
computer system used, Which can have an arbitrary compu 
tation poWer. The algorithm Will calculate as many coef? 
cients as possible Within the given (time) limit and possible 
other constraints. Also in this embodiment the, the calcula 
tion cost is preferably at least partly based on the amount of 
calculation steps required to calculate the next coef?cient 
reduced With an amount of calculation steps that are shared 
betWeen the calculating of the next coef?cient and calcula 
tion steps already performed for already calculated coef? 
cients. 

[0010] The invention is advantageously applied in a pro 
grammable video architecture. In this embodiment, a scal 
able (MPEG) coding algorithm is provided that features 
scalable video quality With respect to available computa 
tional poWer, Which poWer may depend on the desired 
application. Given a limited computational poWer, this 
embodiment still preserves the quality as good as possible. 
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One of the time-consuming basic algorithms of video pro 
cessing applications is the calculation of the Discrete Cosine 
Transformation (DCT), but the inventions is also applicable 
to other algorithms. In the case of a transform algorithm, at 
a given computational limit, a maximum number of trans 
form coef?cients is calculated Within the given calculation 
limit. 

[0011] In a preferred embodiment of the invention, a scan 
order is used Which is at least partly determined by Which 
coef?cients are calculated. Such a scan order may be trans 
mitted to the decoder, e.g. per frame. This alloWs adapting 
the scan order per frame, Which is advantageous in encoder 
processing and in bit-rate. The speci?c scan order is trans 
mitted per frame and is therefore present in the transmitted 
signal. If all calculated coef?cients are present in the trans 
mitted signal, an End Of Block (EOB) may be inserted in the 
transmitted signal to indicate that for the given block no 
more coefficients are transmitted. 

[0012] In an alternative embodiment of the invention, a 
predetermined scan order is used such as the zigzag scan or 
alternatively the alternate scan both de?ned in MPEG, 
Wherein a predetermined value is put in the resulting bit 
stream for the non-calculated transform coef?cients. This 
predetermined value is Zero in a practical embodiment. The 
signal according to this embodiment of the invention Will 
therefore have a speci?c pattern of Zeros depending on the 
amount of transform coef?cients that could have been cal 
culated given limited computational poWer. In the case of 
loW bit-rate, a lot of Zeros is non-optimal. Also in this 
embodiment, an MPEG compliant decoder can decode the 
transmitted signal. Because a speci?c selection of possible 
transform coef?cients is calculated, the result of this 
embodiment of the invention is discernable in the transmit 
ted signal. 

[0013] Favorable computation and/or scan orders may be 
determined off-line for a given transform algorithm, Which 
favorable order is stored in a database (eg a look-up-table) 
in the encoder. The computational order need not to be the 
same as the scan order, but to save memory it is preferred 
that they are similar. In the case a non-standard scan order 
is used, an indication of Which scan order has been used 
should be inserted. HoWever, When the same database is also 
stored in the decoder, Which is preferred, it is not necessary 
to transmit the order of the coef?cients or the database/look 
up-table to the decoder. In this case an indeX suf?ces Which 
indicates Which scan order out of a set of scan orders has 
been used in the encoder. In the case only one predetermined 
scan order is used, the scan order need not to be transmitted. 

[0014] In the encoder, based on the available calculated 
transform coef?cients, a scan order of the coefficients may 
be determined Which is the most favorable for use in a 
decoder. Depending on hoW many coef?cients can be buff 
ered in the decoder, it is advantageous to transmit the 
transform coefficients in an order approximately similar to 
the most ef?cient computation order in the decoder. The 
decoder advantageously decodes the coef?cients on the ?y 
individually or per group of coef?cients in the order as 
present in the transmitted signal. 

[0015] Advantageously, at least one additional criterion is 
used in selecting the transform values to be calculated. 
Because some coef?cients are more important for picture 
quality than others, priority setting betWeen coef?cients is 
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useful. The priority can for eXample be set by multiplying 
the calculation cost in the database by a priority function of 
any sort, or by sorting the coef?cients into different priority 
groups that give a process order per group. Depending on 
different types of image blocks, different priority levels can 
be chosen for the algorithm output, to ?nd input-dependent 
calculation styles. 

[0016] Preferably, one priority criterion might be based on 
hoW often the coef?cient value is Zero (after quantization). 
Coef?cients that are often Zero should get a loWer priority. 
In a decoder, adapting a computation order of the coef? 
cients depends on the coef?cients received and hoW many of 
these coef?cients can be buffered. 

[0017] An inverse transformation operation may in the 
conteXt of this invention also be construed as a transforma 
tion operation. In this case, the input values are formed by 
the coefficients and a selection is made betWeen possible 
output values, eg piXel values. Non-calculated piXel values 
may be ?lled in by a predetermined value or a may be 
derived from surrounding piXel values, eg by averaging. 
Alternatively, a selection is made out of the coef?cients 
Which are input to the algorithm to calculate the output 
values. Also in this case a calculation cost is minimiZed, not 
by selecting Which of the output values to calculate, but by 
selecting Which of the available/received transform values 
are used as input to the algorithm to calculate the piXel 
values. If not all available transform values can be used due 
to the limitation in calculation steps that can be performed, 
the output values Will be less accurate, but in the case of an 
image still a value is obtained for any piXel of the image 
(block). 
[0018] The invention further relates to a video system 
comprising at least an encoding device according to an 
embodiment of the present invention, and a decoding device. 
An eXample of such a video system is a closed system for 
digitally storing video material on a Hard Disc Drive 
(HDD). Other eXamples are video conferencing systems, 
digital hand-held cameras, etc. In the case the video material 
is analog the video system additionally comprises an analog 
to digital converter. If the encoder in this video system 
produces an MPEG compliant bit-stream a standard decoder 
may be used. Advantageously, the decoder in the video 
system is a decoder according to an embodiment of the 
present invention. 

[0019] The invention further relates to a method of ana 
lyZing a calculation cost of an algorithm. The analysis 
returns a database of a calculation cost as a function of 

coef?cients. With this database, a list of coef?cients is 
deductible Which provides information on Which coefficients 
can be calculated Within a given calculation limit. Such a 
database can be used in (de-)coding according to embodi 
ments of the present invention. 

[0020] The aforementioned and other aspects of the inven 
tion Will be apparent from and elucidated With reference to 
the embodiments described hereinafter. 

[0021] 
[0022] FIG. 1 shoWs the periodicity of the cosine func 
tion; 

[0023] FIG. 2 shoWs the zigzag scan order as used in 
H.263 and MPEG; 

In the draWings: 
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[0024] FIG. 3 shows a calculation from inputs A to 
outputs B according to an embodiment of the invention; 

[0025] FIG. 4 shoWs a calculation order of coef?cients in 
a DCT matrix according to an embodiment of the invention; 

[0026] FIG. 5 shoWs a calculation order of coef?cients in 
a DCT matrix according to an embodiment of the invention 
Which takes into account an additional priority for the upper 
left comer of the matrix; and 

[0027] FIG. 6 shoWs a video system according to an 
embodiment of the invention. 

[0028] The draWings only shoW those elements that are 
necessary to understand the invention. 

[0029] For a better understanding of the invention, some 
basic theory on the DCT transformation is given ?rst. The 
DCT transforms the luminance and chrominance values of 
small square blocks of an image to the transform domain. 
AfterWards, all coefficients are quantized, and the signal 
concentration into a small amount of coef?cients ensures 
that the Whole image can be saved With less data than the 
original. 

[0030] For a given image block, represented as a 2D data 

[0031] To reduce the complexity of Equation (1), the 
roW-column method is often used. With this method, each 
roW and column of an image block is transformed separately 
by a 1D-DCT. For a given 1D data vector {x[i];i=0,1, . . . , 

N-1}, the 1D-DCT vector {X[i];i=0,1, . . . , N-1} is de?ned 
by 

[0032] Both Equations (1) and (2) have the form of: 

Output=Const* InputMatrix" CosMatrix (3) 

[0033] The constant part of Equation (3) can be merged 
into a later quantiZation step Where transformed coefficients 
are removed for data compression purposes. Of course, the 
input data cannot be modi?ed. The interesting third part is 
the cosine matrix. Transformations of this matrix are based 
on the periodicity of the cosine function. The cosine function 
is periodic, Which means that results of the function repeats 
every 2n: cos((x)=cos(n*2s'c+(x),n EZ Furthermore, the 
cosine function is anti-periodic over at, Which means that 

Nov. 21, 2002 

results of the function repeat every at, but the sign changes: 
cos(ot)=(—1)n*cos(n*rc+ot);n EZ FIG. 1 shoWs the plot of 
the cosine function, Where four arroWs are marked that have 
the same absolute value. 

[0034] Most knoWn DCT algorithms are designed for 
maximal video quality. Different strategies can be found to 
reduce the complexity of the DCT computation by math 
ematical transformations of Equation (1) or (2): Lee and 
Huang [1] reduce the calculation of the cosine matrix to 
equivalent sub-problems of a loWer complexity. They nor 
maliZe each angel 0t of the cosine matrix to 0; |ot|<0.57rc and 
therefore a 2“><2“-DCT is reduced to 2n_1"2“_1-DCT’s of 
loWer complexity. Cho and Lee [2] found data dependencies 
betWeen tWo cosine matrixes given in Equation (1) to 
represent one of the matrixes as function of the other matrix. 
Therefore, the 2D-transformation has been reduced to a 
1D-transform, Where the selection of the 1D-DCT algorithm 
is free of choice. Arai, Agui and Nakajima [3] deduce the 
DCT from a Discrete Fourier Transform (DFT), Where 
several multiplication’s can be absorbed in later quantiZation 
step. 
[0035] Further, algorithms are knoWn Which reduce the 
computation complexity of the DCT to speed up calculation 
time, Whereby a loss of video quality is accepted: Merhav 
and Vasudev [4] developed a calculation scheme for DCT 
and inverse DCT (IDCT). The main idea is to exchange all 
multiplications With shift operations and compensate the 
resulting error as good as possible in a later quantiZation step 
With no additional cost. Pao and Sun [5] made statistical 
analysis of encoding different video sequences With the 
video coding standard H.263. This coding standard saves an 
image block after the calculation of the DCT in a ZigZag 
order as shoWn in FIG. 2, until all non-Zero values have 
been saved. The remaining Zeros are replaced by an end 
of-block (EOB) sign. From the analysis, variances of the 
DCT coef?cients can be represented as a function of the 
minimum mean absolute error (MMAE), Which is taken 
after a motion-compensated prediction. Depending on this 
function and the quantiZation parameter of video coding 
standard H.263, thresholds have been measured to process 
an image block in different Ways. Either the DCT is calcu 
lated for all 64 coef?cients, or for an approximate 4><4 loW 
frequency DCT, or for the upper left coef?cient (the value 
only, or the DCT is not performed at all. 

[0036] In the folloWing, an embodiment of the invention is 
described Wherein a speci?c computation order of the DCT 
coef?cients is used depending on the DCT algorithm. After 
a computation step, the list of remaining coef?cients is 
sorted such that in the next step the coefficient is computed 
having the loWest computation cost. In this case, the com 
putation order gives a design rule for the DCT algorithm to 
maximiZe the number of coef?cients Within the given 
reduced computation poWer. Although this section concen 
trates on calculating a DCT, the matter described is also 
applicable to other algorithms, like the Inverse Discrete 
Cosine Transform (IDCT). 
[0037] The approaches by Merhav and Vasudev [4] and 
Pao and Sun [5] already accept of loss of quality for saving 
calculations. HoWever, both approaches do not consider the 
basic DCT algorithm to take into account calculations that 
are shared in calculating respective transform coefficients. 

[0038] The knoWledge of the basic DCT algorithm is 
important to ?nd the best strategy for scaling it to loWer 
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video quality Within given calculation effort and/or time 
constraints. As a result, a speci?c algorithm is modi?ed by 
eliminating several calculations and thus coef?cients. The 
results of the algorithm then Will have the best quality 
possible Within the given constraints, because as many 
coef?cients are calculated as possible. It is important to ?nd 
out What calculations can be eliminated to keep a maximum 

of coef?cients for the best possible video quality. Because 
the DCT algorithms process video data in different Ways, the 
algorithm used for a certain application should be analyZed 
closely. 

[0039] The DCT algorithm is analyZed to ?nd out the 
number of calculations, Which are needed to obtain speci?c 
DCT coef?cients. This analysis explores data dependencies 
betWeen calculation nodes Within the algorithm. A database 
can be build for every calculation step, When going from the 
input values to the ?nally transformed coef?cient and What 
calculations are still needed to obtain another coef?cient. If 
a computation limit is set, it is preferable to calculate 
coef?cients that share calculation steps. The number of 
coef?cients is then maximiZed With minimum effort. 

[0040] The analysis step and the advantage of this method 
is explained With an example of a short calculation given in 
FIG. 3. This example shoWs a calculation With three inter 
mediate results t1, t2 and t3. The calculation cost for coef 
?cients B1, B2 and B3 are determined by counting all 
operations that are needed to calculate each of the coef? 
cients starting from the input values. For example, B1 is 
calculated by B1=t1, * C1=(A1+A2) * C1, and therefore 
consists of one addition (Within t1) and one multiplication. 
This information is stored in a database as given in Table 1, 
Where one multiplication is set to be equivalent to three 
additions as an example. 

TABLE 1 

Calculation cost according to an embodiment of the invention. 
One addition is counted as one operation, one multiplication 

is counted as three operations. 
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TABLE 2 

Remaining calculation cost after B2 has been calculated. 

remaining calculations t1 t2 t3 B1 B2 B3 

additions 
multiplications 
operations count 

[0042] Therefore, it is preferable to calculate the given 
coef?cients in this order: B2, B1, B3. If the computation 
poWer is reduced to six operations for this example, coef 
?cients B2 and B1 can be calculated. With a calculation order 
of B2, B3, B1, only B2 Would be calculated, because the ?rst 
tWo coef?cients B2 and B3 need seven operations together. 

[0043] The approach explained in this section has been 
used to ?nd a calculation order for the 2D-DCT algorithm by 
Cho and Lee [2] including the 1 D-DCT algorithm by Arai, 
Agui and Nakajima The result is shoWn in FIG. 4. 

[0044] The calculation order can be improved, if a quan 
tiZation step after the calculation of the DCT is considered. 
In most cases, the important values of a transformed image 
block can be found in the upper left comer of the block. The 
quantization step removes less important values for data 
compression purposes. Therefore, the coef?cients can be 
combined With a priority function to prefer coefficients in the 
upper left comer. The calculation order given in FIG. 5 Was 
found by multiplying the number of operations for coef? 
cient C[i,j] (stored in the generated database) With a priority 
function p(i,j)=i*2+|i-j|+1. Function p Was found by some 
experiments and seems to be suitable for a ?rst implemen 
tation. 

[0045] Table 3 shoWs hoW this variation leads to another 
calculation order. Here, one multiplication is set to be 
equivalent to three additions and the ?rst tWo coef?cients 
C00 and C44 have already been calculated. It is clear that the 
next coefficient to be calculated is CO4 Without using a 
priority function, but C22 When using priority function p. 

TABLE 3 

ll . . . . 

2:12 rslations t t t B B B Decision of next coe?icient to be calculated. C04 is preferred 
1 2 3 1 2 3 Without using a priority function C When using priority function p. 

multipli- 0 0 0 t1 + 1 = 1 t1 +1, + 0 = 0 t3 + 1 = 1 C04 C22 
cations . . . 

Operations 1 1 1 1 + 1 * 3 = 4 3 + O * 3 = 3 1 + 1 * 3 = 4 additions left to calculate coe?icient I 7 9 
Count multiplications left to calculate coe?icient 4 4 

operations count-Without priority function 19 22 
priority function p(i,j) 13 9 
operations count-scaled With priority function 247 189 

[0041] Using this database, We can focus on ?nding the 
next DCT coefficient that needs the least operations, depend 
ing on the calculations already done. This Will give an 
algorithm-dependent calculation order of the coef?cients. In 
the example given in FIG. 3, B2 Will be calculated in a ?rst 
step, because it only needs three operations. Coef?cients B1 
and B3 have the same calculation cost, so there seems no 
difference Whether to calculate B1 or B3 ?rst. HoWever, 
coef?cients B1 and B2 share node t1, Which leads to less 
remaining calculation cost for B1 than B3 in the second step. 
This can be seen in Table 2, Where the database of Table 1 
has been updated by the information, that B2 has been 
calculated. 

[0046] A further enhancement is that the calculation order 
can be optimiZed With a priority function, Which is designed 
for certain contents of an image block. For example, image 
blocks are categoriZed in three different groups: image 
blocks containing horiZontal lines, vertical lines or blocks 
Without a clear structure. In each of these three groups, the 
DCT Will prefer speci?c coef?cients to describe the original 
image block. This can be expressed With a priority function. 
A short pre-analysis of each image block can be performed 
or taken from other functions that do similar analysis, to 
ensure that the most important coef?cients are calculated 
?rst. 
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[0047] Within the MPEG standard, a ZigZag order as 
shown in FIG. 2 is used to code DCT coefficients, because 
the most important values are normally found in the upper 
left comer of the quantiZed block. Using this ZigZag order as 
a calculation order, many time-consuming calculations have 
to be done at the beginning of the computation to obtain the 
?rst coefficients, because these values depend on different 
inputs and no intermediate result can be reused. For a 
reduced computation poWer, this Would result in feWer 
coef?cients to be used afterWards. Thus ?nding the best 
computation order is useful. 

[0048] The operations count for a given number of coef 
?cients of the ZigZag order has been compared With the 
calculation-optimiZed order presented in this section. It can 
be noticed that the calculation-optimiZed order leads to 
signi?cantly more coef?cients calculated, Which results in a 
better video quality. The SNR improves betWeen 1-5 dB. 

[0049] The method presented is practical for scalable 
algorithms in many Ways. Instead of presenting a speci?c 
quantity of coef?cients to be calculated, it can be used for 
automatic quality scaling. For eXample, running a real-time 
video application on a PC With loW computation poWer may 
fail, because this PC is not able to complete all calculations 
in real-time. In this case, the video processing Will be 
aborted or shoW hick-ups. To solve this problem, the video 
processing softWare can update a list of already calculated 
coef?cients, until the neXt block has to be processed or a 
user-de?ned time limit is reached. With this solution, full 
screen and full temporal vieWable video can be ensured. 

[0050] This embodiment of the invention provides an 
advantageous method for computing the DCT in a special 
order to support scalability. This is achieved by analyZing 
each calculation step of a DCT algorithm to ?nd coefficients 
that should computed neXt With minimum effort. The 
method maXimiZes the SNR of the picture during the com 
putation by obtaining a high amount of DCT coef?cients up 
to the point of consideration. 

[0051] The computation method can be enhanced by vari 
ous features such as a prioritiZation function, Which favors 
the computation of loW-frequency coefficients so that it ?ts 
better With MPEG coding after performing a DCT. The 
technique can successfully implemented for an IDCT as 
Well. 

[0052] FIG. 6 shoWs a video system comprising a video 
source 1, a transmitter 2, a communication channel or 
storage medium 3, a receiver 4 and a display device 5. The 
video source 1 may be a camera or the like and furnishes a 
video source signal S1 to the transmitter 2. The transmitter 
2 comprises a video encoder 20. The video encoder com 
prises a calculation unit 201, a memory 202 and an output 
unit 203. The calculation unit calculates from the input 
samples of the video source signal S1 a set of transform 
coef?cients that are included in the coded output signal S2 
Which is transmitted over the communication channel 3 or 
alternatively stored in the case the communication channel 
3 is a storage medium. The video encoder 20 further 
comprises a memory 202, Which is used for storing inter 
mediate results of calculations in the calculation unit 201. 
The intermediate results are typically results from calcula 
tions that are shared betWeen the calculations of respective 
transform coefficients that are calculated in the calculation 
unit 201. The memory 202 can further be used to store a scan 
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order or computation order of the transform coef?cients. The 
output unit 203 formats the transform values into a suitable 
format for transmission. In video encoders such as MPEG 
encoders, transform coef?cients are usually quantiZed to 
reduce the number of bits necessary to represent the trans 
form value. In FIG. 6, necessary quantiZe operations are 
assumed to be performed in the calculation unit 201. 
Although not shoWn in FIG. 6, MPEG encoders usually also 
comprise elements for performing motion estimation and 
compensation for predictively coding pictures. The output 
unit 203 may perform operations like variable length encod 
ing, multiplexing and channel coding. 

[0053] According to an embodiment of the invention, the 
computation order is algorithm dependent, although the 
computation order may additionally be determined by a 
priority function, Which takes other conditions into account, 
as described earlier. The scan order may be identical to the 
computation order, but that is not necessary. In any case, the 
decoder should be synchroniZed With the encoder on the 
scan order. The decoder may use another computation order 
than the encoder, because for a decoding algorithm(s) 
another computation may be more ef?cient. 

[0054] The receiver 4 comprises a decoder 40. The video 
decoder 40 comprises an input unit 403, a calculation unit 
401 and a memory 403. The input unit receives a coded 
video signal S2‘ from the communication channel or storage 
medium 3. The coded video signal S2‘ Will normally be 
identical to the signal S2, although S2‘ may contain errors 
introduced by the communication channel or storage 
medium 3. The input unit 403 may perform operations like 
variable length decoding, demultipleXing and channel 
decoding, normally inversely to the operations performed in 
the output unit 203. The calculation unit 401 performs an 
inverse transformation to calculate piXel values from the 
received transform coef?cients. The piXel values are 
included in an output signal S1‘ Which is a reduced quality 
version of the video source signal S1. The output signal S1‘ 
is displayed on the display unit 5. 

[0055] The decoder 40 may be a standard decoder. Advan 
tageously, the decoder 40 is a decoder according to an 
embodiment of the invention. As already explained, a selec 
tion may be made betWeen the available transform coef? 
cients Which are input to the inverse transform, in Which 
selection higher priority is given to transform coefficients 
Which require a loWer calculation cost than other coef? 
cients, also based on the amount of calculation steps 
required for the selected transform coef?cients and the 
amount of calculation steps that can be shared. For this 
purpose, the memory 402 may contain a database Which 
indicates Which of the available transform coef?cients may 
be calculated given a maXimum computation poWer. In a 
further embodiment, the memory 402 stores a scan order 
used by an encoder according to an embodiment of the 
invention, Which scan order is determined by Which coef? 
cients are calculated or Which scan order is even approxi 
mately similar to the computation order in the encoder. 

[0056] The invention is advantageously applied in appli 
cations that need real-time video encoding on one hand, but 
have further restrictions on the other hand, such as: 

[0057] Video conferencing systems Which have a loW 
video resolution and often communicate the video stream 
via a narroW-bandWidth connection. This leads to commu 
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nication delays between the conference participants, Which 
delay has to be minimized. Furthermore, video conferencing 
is an example Where video with sufficient temporal resolu 
tion is more important than high spatial video quality. 

[0058] Digital hand-held video cameras Which should be 
handy, cheap and of good quality to be accepted by the 
consumer. These cameras have a medium resolution and 
therefore need more complex video processing algorithms 
than video conferencing systems. To limit the cost of a 
camera, these algorithms should be programmable in soft 
Ware or should lead to simple hardWare solutions. 

[0059] Televisions With general-purpose computation 
poWer. Part of the available computation poWer can be saved 
by scaling the given algorithms for video applications to 
loWer complexity, therefore enabling the television to per 
form other tasks in parallel. OtherWise, the video application 
could block other applications of interest. 

[0060] The invention is further applicable to parametric 
coding schemes, Wherein input values are coded into a set of 
parameters. In the claims, coef?cients should be construed 
as parameters in these coding schemes. 

[0061] It should be noted that the above-mentioned 
embodiments illustrate rather than limit the invention, and 
that those skilled in the art Will be able to design many 
alternative embodiments Without departing from the scope 
of the appended claims. In the claims, any reference signs 
placed betWeen parentheses shall not be construed as lim 
iting the claim. The Word ‘comprising’ does not exclude the 
presence of other elements or steps than those listed in a 
claim. The invention can be implemented by means of 
hardWare comprising several distinct elements, and by 
means of a suitably programmed computer. In a device claim 
enumerating several means, several of these means can be 
embodied by one and the same item of hardWare. The mere 
fact that certain measures are recited in mutually different 
dependent claims does not indicate that a combination of 
these measures cannot be used to advantage. 
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1. A method of coding (20) a set of input values (S1) into 
a set of coefficients by use of a given algorithm, the method 
comprising: 
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selecting (201) coefficients to be calculated, out of a total 
set of possible coefficients that can be calculated by the 
given algorithm given the set of input values, in Which 
selection priorities depend on calculation costs of the 
respective possible coefficients, and 

calculating (201) the selected coefficients to obtain the set 
of coefficients. 

2. A method as claimed in claim 1, Wherein for a given 
coef?cient the calculation cost is at least partly based on an 
amount of calculation steps that is required to calculate the 
given coef?cient reduced With an amount of calculations that 
can be shared With the calculation of other selected coeffi 
cients, and Wherein in the step of calculating (201) results of 
shared calculation steps are re-used in calculating (201) 
other coefficients which share the shared calculation steps. 

3. A method as claimed in claim 1, Wherein in the 
selecting step (201) the number of coefficients to be calcu 
lated is maximiZed given a maximum total calculation cost. 

4. A method as claimed in claim 1, Wherein in the 
selecting step (201) a predetermined number of coefficients 
is selected. 

5. A method as claimed in claim 1, the method comprising 
repeatedly selecting (201) a next coefficient to be calculated 
until a stop criterion is met, for Which next coef?cient the 
calculation cost is minimal compared to other possible 
coefficients which are not yet calculated. 

6. Amethod as claimed in claim 5, Wherein the calculation 
cost is at least partly based on the amount of calculation 
steps required to calculate the next coefficient reduced With 
an amount of calculation steps that can be shared betWeen 
the calculating of the next coefficient and calculation steps 
already performed for already calculated coefficients. 

7. A method as claimed in claim 1, Wherein at least one 
additional criterion is used in selecting (201) the coefficients 
to be calculated. 

8. Amethod as claimed in claim 7, Wherein the calculation 
cost is Weighted (201) by a priority function Which repre 
sents the at least one additional criterion. 

9. A method as claimed in claim 1, the method further 
comprising: 

including (203) the set of coefficients in an output signal 
(S2) according to a scan order Which is at least partly 
determined by the calculated coefficients, and 

including (203) information about the scan order in the 
output signal (S2). 

10. A method as claimed in claim 1, Wherein the set of 
coefficients is included (203) in an output signal (S2) accord 
ing to a predetermined scan order, and Wherein for non 
calculated coefficients in the predetermined scan order a 
predetermined value is used (203). 

11. A method as claimed in claim 10, Wherein the prede 
termined value is Zero. 

12. A method as claimed in claim 1, Wherein the coeffi 
cients to be calculated are obtained from a database (202) 
comprising information on the calculation costs of the 
respective possible coef?cients. 

13. A method as claimed in claim 12, Wherein the calcu 
lation costs information in the database (202) is available in 
the form of a list Which indicates Which coefficients can be 
calculated as a function of a given maximum of available 
calculation steps. 
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14. Adevice for coding (20) a set of input values (S1) into 
a set of coefficients by use of a given algorithm, the device 
comprising: 

means (201) for selecting coefficients to be calculated, out 
of a total set of possible coefficients that can be 
calculated by the given algorithm given the set of input 
values, in Which selection priorities depend on calcu 
lation costs of the respective possible coefficients, and 

means (201) for calculating the selected coefficients to 
obtain the set of coefficients. 

15. A method of inverse transforming (401) a set of 
coefficients (S2) into a set of output values (S1‘) by use of 
a given algorithm, the method comprising: 

selecting (401) respective coefficients out of a total set of 
available coefficients for use as input in calculating the 
values by the given algorithm, in Which selection 
priorities depend on calculation costs of the respective 
available coefficients, 

calculating (401) the values from the selected coeffi 
cients. 

16. A method as claimed in claim 15, Wherein for a given 
coef?cient the calculation cost is at least partly based on an 
amount of calculation steps that is required to calculate the 
values With the given coefficient as input to the algorithm 
reduced With an amount of calculations that can be shared 
With calculations based on other coefficients as input to the 
algorithm, and in Which calculating, results of shared cal 
culation steps are re-used in other calculations Which share 
the shared calculation steps. 

17. A device (40) for inverse transforming a set of 
coefficients (S2‘) into a set of output values (S1‘) by use of 
a given algorithm, the device comprising: 

means (401) for selecting respective coef?cients out of a 
total set of available coefficients for use as input in 
calculating the values by the given algorithm, in Which 
selection priorities depend on calculation costs of the 
respective available coef?cients, 

means (401) for calculating the values from the 
selected coefficients. 

Nov. 21, 2002 

18. A signal (S2,S2‘) including a set of coefficients rep 
resenting a set of values, the set of coefficients being a 
sub-set of a total set of possible coefficients that could have 
been calculated by a given algorithm from the set of values, 
Wherein the respective coefficients in the signal are those 
coefficients for Which a calculation cost is loWer compared 
to non-calculated coef?cients. 

19. A signal (S2,S2‘) as claimed in claim 18, Wherein the 
coefficients are present in the signal according to a scan 
order determined by the calculated coefficients, the signal 
further including information about the scan order, 

20. A signal (S2,S2‘) as claimed in claim 18, Wherein the 
coefficients are included in the signal according to a prede 
termined scan order, Wherein for the non-calculated coeffi 
cients a predetermined value is included in the transmitted 
signal. 

21. A storage medium (3) on Which a signal (S2,S2‘) 
according to claim 18 has been stored. 

22. A method of decoding (40) a signal (S2,S2‘) according 
to claim 19, the method comprising: 

obtaining (403) from the signal the information about the 
scan order determined by the calculated coef?cients, 

obtaining (403) from the signal the coefficients by using 
the obtained scan order, and 

calculating (401) the coefficients. 
23. Adevice (40) for decoding a signal (S2,S2‘) according 

to claim 19, the device comprising: 

means (403) for obtaining from the signal the information 
about the scan order determined by the calculated 
coef?cients, 

means (403) for obtaining from the signal the coefficients 
by using the obtained scan order, and 

means (401) for calculating the coefficients. 
24. Signal carrying a computer program for enabling a 

processor to carry out the method according to claim 1. 
25. A storage medium on Which a signal as claimed in 

claim 24 has been stored. 


